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I. INTRODUCTION
Intense pulsed ion beams have been extensively studied as a driver for inertial confinement fusion [l] . That effort continues to this day. More recently, intense pulsed ion beams (100-1000 keV, 10-100 kA, 0.2-1 ps) have been applied to the processing of materials. These beams offer the potential to produce advanced and novel materials, to replace existing processes at lower cost, and to replace existing processes with more environmentally benign ones. 
BEAM GENERATION
The ion source for the great majority of the work on intense ion beam processing of materials has been the high-power, magnetically insulated diode (MID). A theoretical description of the operation of high power ion diodes has been given by Desjarlais [16] , and has been found to predict very well the operating characteristics of a large number of ion diodes. In particular, the work presents an explanation for the observed fact the ion current in high-power MID'S typically exceeds the Child-Langmuir space charge limited current by a large factor (5-20 times). Here we present only a brief, qualitative description of MID operation and refer the interested reader to the previously mentioned reference. Figure 1 shows the diode and magnetic insulation presently in use on the Anaconda accelerator at Los Alamos Xational Laboratory.
In this diode, a fast (300 /is risetime) magnetic field of 5 kG. transverse to the 3 cm anode-cathode (A-K) gap, is produced by driving a current through the insulating field coils. When this field is at its peak, a high voltage pulse (300-400 kV), produced by the Anaconda Marx generator, is applied to the anode. Tangential electric fields and electron losses to the anode cause the surface of the lucite anode insert to flashover, forming an anode plasma from which ions can be extracted. The insulating magnetic field prevents the electric field from accelerating electrons across the A-K gap, but the much more massive ions are practically unaffected by the magnetic field and are accelerated by the high voltage pulse.
The diode shown in Figure 1 is configured to produce a ballistic focus of the ions about 30 cm downstream from the diode. on the front side of the target was calculated from the heat capacity of the target and the observed temperature rise on the back side. In order to perform this measurement at positions where the beam intensity was sufficient to vaporize target material. the beam was apertured and allowed to expand before striking the calorimeter. An integration over the area of the target was then performed to find the total beam energy passing through the aperture. A peak energy density of 30 J/cm2 on axis was observed in this manner [17, 18] .
A diode such as the one shown in Figure 1 is inherently a single shot device. The surface of the lucite anode insert is vaporized by each shot, and the gas load created by the vaporized material requires many seconds to be evacuated from the treatment chamber.
More advanced diode designs. capable of repetitive operation and designed expressly for materials treatment experiments, are described in section V.
PULSED ION BEAM DEPOSITION
Two main methods of materials treatment have been identified. One, pulsed ion beam deposition, is discussed in this section, while the other, ion beam surface treatment, is discussed in the section that follows. Both processes utilize the ion beam simply as a flash heat source. Chemical reaction or implantation of the beam ions is not believed to play an important role in either case.
Pulsed ion beam deposition is depicted schematically in Figure 3 . The process is akin to pulsed laser deposition. An intense, pulsed, ion beam is focused onto a target, heating an ion range (typically about 1 pm) of material above the vaporization threshold. The vaporized material expands in a plume normal to the surface of the target, and is condensed onto a substrate as a thin film. Compared to pulsed laser deposition, the process offers advantages both because the ion beam is more efficient and less expensive to generate and because the ions couple their energy efficiently into all kinds of targets, including metals.
Work at Los Alamos has concentrated on the growth of two thin films, YBa2Cu30,-z
(1-2-3) and diamond like carbon (DLC). 1-2-3 films were produced by vaporizing a pressed powder target, which ordinarily would melt incongruently. Rutherford backscattering analysis of the YBa&u307-z film indicated that the complex stoichiometry of the target was preserved to within 10%. as shown in Figure 4 [19, 20] . The MAP ion source uses a fast rising magnetic field to ionize a gas puff and to stagnate the ionized gas against the diode insulating field, where the ionized gas acts as a plasma anode. MAP diodes are being deployed at Los Alamos and Sandia National Laboratories for materials processing studies.
One of us (RWS) is leading an effort by researchers at Sandia National Laboratories, Albuquerque, to pair the MAP diode to a repetitive pulsed power system to yield an ion beam treatment machine capable of operating at commercially relevant levels. The completed machine is expected to produce ions with greater than 250 keV energies and operate at or above the 30 kW average power level with greater than 30% energy efficiency, wall plug to material. Fowler-Nordheim plot of data from (A). [2] voltage using a 2 mm ball probe at 30 pm. 10 - 
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